Secondary plant metabolites have been widely studied as pest control agents. In this paper we report secondary compounds present in Machaerium opacum leaves, as well as the toxicity of different fractions of the extract of this plant to fall armyworm (Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae)) under laboratory conditions. Crude extracts were obtained by means of ethanol. Refractionation was carried out with the solvents hexane, dichloromethane, methanol and ethyl acetate. By means of preliminary phytochemical prospection, starting with the ethanolic extract, flavonoid, triterpene, anthraquinone, coumarin, tannin and steroid compounds were identified. In the ethanolic fractions, triterpene compounds were identified in a mixture (α-amyrin and β-amyrin), as well as lupeol and the acyclic diterpene alcohol, phytol. In methanolic fractions, the flavonoid rutin was found. In the dichloromethane fraction, the flavonoid mucronulatol and its isomer, isomucronulatol, were found. Extracts of M. opacum did not present an antifeedant effect on the larvae of S. frugiperda. However, all fractions of the extracts tested promoted significant antibiosis effects (reduced weight in the larvae and pupa, larval and pupal mortality and prolongation of the adult phase) on the test population of S. frugiperda. Therefore, our results showed the insecticidal potential of leaf extracts of M. opacum against S. frugiperda.
Introduction
The fall armyworm S. frugiperda (J. E. Smith) (Lepidoptera: Noctuidae) is an economically important pest of maize and other crops of tropical and subtropical America (Andrews, 1980; Martínez et al., 2017) . Currently, the main methods used for its control are organosynthetic insecticides and transgenic plants. However, routine spraying with insecticides from the same group of action, associated with overlapping or successive crops that include host plants, exposes the populations of S. frugiperda to high selection pressure by insecticides and Bacillus thuringiensis (Bt) proteins, which jeopardizes the available control tactics (O. Bernardi, D. Bernardi, Hirikoshi, & Omoto, 2016) . Therefore, alternative methods that are in line with integrated management programs for this pest, such as the use of insecticidal plants, should be studied (Silva et al., 2016) .
Insecticidal plants generally present a wide spectrum of control among insect pests, are relatively specific in their mode of action, degrade rapidly, usually have a low environmental impact and are fairly safe for non-target organisms (Aguiar-Menezes, 2005; Upadhyay, 2012; Sousa Neto et al., 2018) . This makes plant extracts potential pest control agents (Dequech, Sausen, Lima, & Egewarth, 2008; Bettiol & Morandi, 2009) . It is important to highlight that death is not always the only consequence of the use of these botanical substances, since they can also be efficient in promoting only the inhibition or reduction of food ingestion, or may cause sterility or deformity in the insect (Gonzáles-Coloma, Reina, Gutiérrez, & Fraga, 2002; Dequech, Sausen, Lima, & Egewarth, 2008; Baskar et al., 2009; Baskar & Ignacimuthu, 2012; Sousa Neto et al., 2018) . As well as the afore mentioned favorable aspects for the use of insecticidal plants compared to synthetic insecticides, Ferraz, Lopes, and Amora (2008) mention the capacity of the plant to produce a range of secondary metabolites that pests and pathogens do not manage to inactivate. Phytochemicals produced by the plant's secondary metabolism are the main agents that control herbivory, and their distribution pattern varies considerably among plant families (Koul, 2005) . According to Leatemia and Isman (2004) , the botanical families with the greatest insecticidal potential are Meliaceae, Rutaceae, Asteraceae, Annonaceae, Labiatae and Canellaceae. In addition to these families, Fabaceae have been mentioned for their insecticidal properties (Amen, Marzouk, Zaghloul, & Afifi, 2015; Santos, 2017; Souza et al., 2017) .
The Fabaceae family includes about 727 genera and more than 19,000 plant species (Lewis, 2005) . It is a botanical group of enormous social and economic importance, because its various species are used in food, oil production, fibers, fuels, timber, medicines and chemical products, especially in the use of phytochemicals in the agrochemical, pharmaceutical and food industries (Duke, 1981) . Its broad use in phytochemical and pharmacological studies is due to the presence of numerous secondary metabolites in its constitution (Wink, 2013) . The genus Machaerium belongs to the Fabaceae family and includes the species that are popularly known as "Jacarandas" in Brazil. It is one of the largest genera of tropical trees in the world, and has approximately 130 species (Lewis, 2005) . Various species from this genus have long been used pharmaceutically and are therefore known for their biological and medicinal action (Amen, Marzouk, Zaghloul, & Afifi, 2015) . Machaerium opacum, popularly known as "Jacarandá-do-Cerrado" is an arboreal species native to Brazil, and it occurs throughout the Cerrado (savanna) regions of Brazil, including in some states in the North, Northeast, Southeast and, especially, the Midwest (Flora do Brasil, 2018). Nowadays, every plant that is born in the natural areas of the Brazilian Cerrado, even in those protected by law, is already born threatened to disappear. The disorderly exploitation of this specie for the most varied purposes endangers its survival. The purpose of our study is to know other properties of the plant and to warn about the importance of its preservation.
This work aimed to record the occurrence of potential insecticidal compounds in leaves of M. opacum, as well as to evaluate the toxicity of leaf extracts fractions of this plant on S. frugiperda raised in the laboratory on a natural diet of maize leaves.
Materials and Methods

Preparation and Phytochemical Prospection of Plant Extracts
M. opacum plants were gathered in the Cerrado biome, near Anápolis city, Goiás state, Brazil (Lat. 16°19′ S; Long. 48°57′ W). From these plants, around 4.4 kg of the leaves of the upper third were collected. The plant material was oven-dried (45 °C) for 48 hours and ground in a knife-mill. The ground leaves were then immersed in 95% ethanol (5 Liters).This material was macerated cold, and later filtered and concentrated in a rotary evaporator, producing ethanolic extracts of M. opacum leaf (MOLEE). These extracts, with mass equal to 346.06 grams, were fractionated, employing solvents in a gradient of increasing polarity (hexane < dichloromethane < ethyl acetate < methanol). Microcrystalline cellulose D was incorporated into the ethanolic extract, and vacuum filtration was performed.
Four leaf fractions were obtained; namely, hexanic leaf extracts of M. opacum (MOLEH), with mass equal to 68.66 grams, dichloromethanic leaf extracts of M. opacum (MOLED) with mass equal to 8.04 grams, ethyl acetate leaf extracts of M. opacum (MOLEEA) with mass equal to 2.71 grams, and the methanolic leaf extract of E. pumila (MOLEM), with mass equal to 120.63 grams. Both ethanolic extracts and all the M.opacum leaf fractions were stored in the dark under refrigeration until further use in the biological tests. In this study, the toxicity of MOLED and MOLEEA was not verified in relation to the insect S. frugiperda, because there was an insufficient quantity of these extracts for use in the biological tests. However, it was possible to isolate and identify possible insecticidal substances.
Terpenes (cardioactive heterosides and saponins), nitrogen compounds (alkaloids) and phenolic compounds (flavonoids, anthraquinones, simple phenols, coumarins and tannins), were analyzed in M. opacum leaf fractions (MOLEE) following the method adapted from Matos and Matos (1989) , Matos (2009 ), Simões (2010 , Costa (2001) , and Souza et al. (2017) By means of column chromatography, fractionation and successive refractionations were performed for MOLEH, MOLED, MOLEEA and MOLEM. The identification of possible compounds with biological activity was carried out by infra-red (IV) analyses, nuclear magnetic resonance (NMR 1 H and NMR 13 C), heteronuclear single quantum coherence (HSQC) spectroscopy, heteronuclear multiple bond correlation (HMBC) spectroscopy, and gas chromatography coupled to mass spectrometry (CG/MS). More details on the extraction and chemical analysis of the chemotypes of M. opacum can be consulted in Santos (2017) . In the present study, the focus will be mainly on evaluating the insecticidal effect of the extracts.
Biological Assays
The biological tests were carried out in the Laboratory of Agricultural Entomology at the State University of Goiás, in Ipamerí, Goiás state, Brazil, in a climate-controlled room with a temperature of 25±2 °C, relative humidity of 70±10% and photoperiod of 12 hours.
The concentrations of all the fractions of the M. opacum extracts (MOLEE, MOLEH and MOLEM) used in the bioassays were: 0.1; 1.0; 1.5; 3.0; 5.0 and 10.0%. The solvent used was acetone + water, in the proportion 1:1. In preliminary tests, this solvent was the one that best dissolved the extracts. Furthermore, in preliminary tests this solvent did not repel the larvae of S. frugiperda, after it had evaporated from the maize leaves that were to be offered to these larvae.
Antifeedant Activity
The S. frugiperda larvae used in the experiment were obtained from mass-produced eggs, following the methodology of Kasten Junior, Precetti, and Parra (1978) , from artificial diet. Third-instar larvae of S. frugiperda were kept without any food for a period of three hours, until biological tests began. The choice of third instar larvae was due to reduced mobility of first and second instar larvae to host plants in the experimental arena After this period, lots of 19 individuals were released in the central region of a cylindrical cardboard box measuring 34.5 cm in diameter and 6.0 cm in height, lined with filter paper slightly moistened with distilled water. Under this filter paper, near its edges, the 18 treatments (leaf sections treated with the respective concentrations of each extract: MOLEE, MOLEH and MOLEM) and the blank (leaf sections treated only with acetone and water) were placed equidistantly. The treatment consisted of using tweezers to dip the fragment of maize leaf into receptacles containing the extracts of M. opacum, which were dried in the shade before being offered to the larvae. The leaf fragments (4.0 cm 2 ) were obtained using a circular metal hole-puncher. After the larvae were released, the arena was covered with a transparent glass sheet, which allowed observers to view the foraging behavior of the animals. The attractiveness of leaves with different extracts was evaluated by counting the larvae in each leaf treatment at 1, 3, 5, 10, 15, 30, 60, 120, 360, 720 and 1440 minutes after release. The experimental design adopted in this test was randomized blocks, with 19 treatments and 10 repetitions.
Antibiosis Activity
The S. frugiperda larvae used in the experiment were also obtained from artificial rearing. After hatching, the larvae were put individually into plastic cups with capacity of 250 mL, containing parts of the maize plant RK 9014, treated with plant extracts, as described in the previous experiment. The bottom of the plastic receptacle was lined with filter paper slightly moistened with distilled water. Each larvae was offered a fraction of maize leaf treated with the solution of each treatment. After the leaf for feeding the larvae was in place, the pots were closed with plastic lids and distributed on shelves in the laboratory.
The pots were cleaned daily, removing the excrement and changing the filter paper. The maize leaves from each treatment were also replaced each day. At the moment of pot maintenance, the number of dead larvae was recorded, a procedure that was adopted until pupae developed. All the surviving larvae were weighed at 10 days after the start of the experiment.
Each pupa was weighed 24 hours after it developed, and it was returned to its respective pot for emergence as an adult. After adult insects had emerged, they were kept in the same pots they had used as larvae, but without any type of food.
The biological variables evaluated were: period and viability of larvae, weight of larvae at 10 days, period and viability of pupae, weight of pupae at 24 hours, longevity of adults and total cycle. The design adopted for this evaluation was entirely randomized, with 19 treatments and 30 repetitions.
Statistical Analyses
The data for larval and pupal mortality, proportion of males and of defective adults and the data from the choice test performed for attractiveness were submitted to analysis of deviance from a binomial generalized linear Vol. 11, No. 10; model. The treatments were compared at intervals of 95% confidence for the proportions evaluated. The dates larval weight (10 days after hatching), pupal weight (24 hours after formation), pupal period, adult longevity, larval period and total life cycle were arranged in a ranks to meet the assumptions of normality and homogeneity of variance. The dates were submitted to analysis of variance and the Skott-Knott test, according to Jelihovschi, Faria, & Allaman (2014) . The figures were performed with the aid of the plot function of the R program. All statistical analyzes were done using R version 3.5 software (R Core Team, 2018).
Results
In phytochemical prospection of the leaves of M. opacum, the following secondary metabolites were detected: flavonoids, triterpenes, anthraquinones, coumarins, tannins and steroids. Alkaloids and saponins were not detected. In MOLEH, analyses of IV, RMN 1 H and RMN 13 C indicated the presence of the following compounds: mixed triterpenes (α-amyrin and β-amyrin), lupeol (C 30 H 50 O) and the acyclic diterpene alcohol, phytol (C 20 H 40 O). In MOLEM, analyses of RMN 1 H and RM 13 C and of HMBC showed the presence of the flavonoid rutin (C 27 H 30 O 16 ). In MOLED, using techniques similar to those adopted for MOLEH and MOLEM, including the techniques HSQC and CG/MS, the substances mucronulatol (C 17 H 18 O 5 ) and its isomer, isomucronulatol, were found.No significant difference between the treatments was found, when the attractiveness of maize leaves was evaluated after treatment with different fractions and concentrations of M. opacum extracts in larvae of S. frugiperda (Deviance, p > 0.05).
The variables of weight of larvae and pupae were significantly influenced by all the treatments when compared to the control (Kruskal-Wallis, p value < 0.05). The hexanic extract promoted the greatest reduction in the weight of larvae when compared to the methanolic and ethanolic extracts, in relation to pupal weight, no extract stood out. However, in general greater reductions in larval and pupal weight were observed for the higher concentrations (3.0, 5.0 and 10%), except for methanolic (5%) ( Table 1) . Note. Rank means followed by the same letter in lowercase in the column or uppercase in the row do not differ between them (Kruskal-Wallis; p < 0.05).
The variables of duration of larval and pupal periods, adult longevity and total duration of the life cycle of S. frugiperda were significantly influenced by all the treatments when compared to the control. No highlighted influence of the concentration of the extract was confirmed for the variables of larval and pupal periods (Kruskal-Wallis p value < 0.001) ( Table 2 ). For adult longevity and total duration of life cycle, all the extracts, in their different concentrations, differed from the control. Among treatments, the one that promoted reduction of adult longevity and consequently reduction of total cycle duration was the hexanic extract (3.0%) ( The variable proportion of dead larvae did not highlight any extract of M. opacum as showing a difference from the control treatment. In absolute terms, the two highest concentrations of MOLEH stood out (Figure 1 ). The variable proportion of dead pupae made MOLEH and MOLEE stand out. Pupal mortality that was different from the control did not occur in any of the concentrations of MOLEM (Figure 2 ).
jas.ccsenet. (Table 4) . 
Discussion
Our results showed that the different fractions of M. opacum extracts presented an antibiosis effect against S. frugiperda. Independently of the polarity of the solvent used in fractionating the leaf extract of M. opacum ingested by the larvae, significant reductions in larval and pupal weight occurred in S. frugiperda when compared to the control, indicating that compounds isolated by specific solvent, or in synergy, had an antibiosis effect on the juvenile phase of this insect.
In general, higher concentrations of the ingested extracts led to lower weight among larvae and pupae. In relation to chronological alterations of the cycle (larval, pupal, adult longevity and total cycle), the ingestion of different fractions and concentrations of extracts promoted alterations in the duration of the larval and pupal phase. The delay in insect development occurs in function of specific components of the plant extract that compromise the hormonal system that regulates the insect's ecdysis process (Trindade, Marques, Xavier, & Oliveira, 2000) . The difference in reductions in adult longevity and in duration of the total cycle was remarkable, with all the treatments differing significantly from the control. This significant effect of the extract on the adult stage of the insect, according to Campos and Boiça Junior (2012) , indicates the influence of the natural product on vital functions of the insect in this phase of its development.
The compounds identified in the hexanic fraction (mixed triterpenes, α-amyrin and β-amyrin), lupeol and phytol may have had deleterious effects on the population of S. frugiperda. For example, report the presence of epicuticular wax crystals in plants of Ricinus communis, which contain significant quantities of lupeol, possibly involved in the protection of the plant against herbivores (Guhling, Hobl, Yeats, & Jetter, 2006) . Mass spectra with triterpene characteristics such as that verified in our work (α-amyrin and β-amyrin) were observed in Brazil nut (Bertholletia excelsa), and these may also be involved in plant protection (Siqueira, Pereira, & Aquino Neto, 2003) .
Some concentrations of the methanolic fraction also compromised pupal development. In the methanolic fraction the substance rutin was identified and isolated, and this flavonoid is known to have an insecticidal effect. It is known that some flavonoids can act as phagodeterrents, for example ermanin and rutin (Echeverri et al., 1991; Silva et al., 2016) and as insect growth-inhibitors (Simmonds, 2003) , probably because they interfere in neural mechanisms, whose toxic activity is influenced by the chemical structure of the specific compound. Tian and Mclaughlin (2000) mention the flavonoids acacetin, secundiflorol, isovestitol, mucronulatol and isomucronulatol as the possible bioactives that confer resistance on the wood of Robina pseudoacacia (Fabaceae) to deterioration agents, including insects.
Coumarin, also detected in the phytochemical prospection of M. opacum, is known for inhibiting the electron transport chain (Neal & Wu, 1994) , and it also compromises the detoxification capacity of insects, which reduces their tolerance to xenobiotics, for example (Moreira et al., 2007) . According to Martinez and Emden (2001) , the reduction in the weight and development of the larval and pupal phases is due to the reduced ingestion of foods and the low ability to convert nutrients into insect growth and development, resulting from the ingestion of the toxic extract.
In relation to the variables larval and pupal mortality in S. frugiperda, our results did not highlight any fraction of the M. opacum extract. However, the hexanic fractions were always those that promoted the greatest mortality of individuals, in absolute terms. In the present study there was also no significant relationship seen between the dose of the fractions of plant extract and the mortality of larvae and pupae. This dose-independent relationship between plant extracts and mortality is common, as mentioned by Sousa Neto et al. (2018) . That author reports that concentrations of plant extract fractions that have high potential to kill larvae and pupae of Helicoverpa armigera (Hübner, 1805) (Lepidoptera: Nostuidae) can still present a phagostimulant effect. A substance of this nature would be interesting as a tool in pest management, since it would stimulate the larvae to ingest the toxic extract when applied on the crop in question.
The fractions and different concentrations of M. opacum extracts did not affect the sex ratio of the S. frugiperda population, and nor did they differ significantly from the control. Although Deviance analysis did not present significant differences in the deformity of S. frugiperda adults fed with the different extracts in different concentrations, the hexanic extract at its highest concentration (10%) stood out visibly from the others, which reinforces the need for complementary studies to investigate this important deleterious effect, which is commonly reported when larvae are fed on potentially insecticidal plants (Nathala & Dinhgra, 2006; Knaak, Tagliari, Machado, & Fiuza, 2012; Sousa Neto et al., 2018 ).
compared to the control treatment. Some treatments, in absolute terms, presented higher attractiveness than the control treatment, suggesting that they had a phagostimulant effect. If we consider the need to ingest the insecticidal compound, this condition is important for possible pest control action, since the extracts could be sprayed on the crop and the larvae would then ingest them.
Conclusion
Our results highlight that the ingestion of M. opacum extracts promotes significant deleterious alterations in the biology of S. frugiperda; they may, therefore, present potential as an alternative control agent of this pest.
